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ABSTRACT: 

PURPOSE:To simultaneously form received wave beams in plural directions to many ultrasonic 
received wave signals even if a low speed A/D converter is used. 

CONSTITUTIONS a digital delay means 4' for arbitrarily delaying a digital signal input from an 
A/D converter 3 and outputting plural delay signals, a first delay circuit 1 1 for delaying a digital 
signal from the A/D converter 3 at intervals of a sampling cycle and an interpolation delaying 
circuit 1 2 for delaying output signals input from the first delay circuit 1 1 at intervals shorter than 
the cycle of the sampling cycle and outputting plural delay signals are combined. Thus, the 
sampling period of the A/D converter 3 in the preceding stage of the digital delay-means 4 may 
be late, and even if the low speed A/D converter 3 is used, received wave beams can be 
simultaneously formed in plural directions. 
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1 

r©A/D£ftS§d>£©7V ^J^SASLTftg 

fcE-ASI^lCJWSgfclgffilelBlCfc^-C ±13 
x^v^JH®¥®<hbT. ±EA/Dg2sJ8a^©x 

mmzTzmLmmzmtzmmt, ±e 

t. £©S***BfrS©ffl*ffl**A*U«MW© 

%$ttS«S»j:. C©S**ffiB»*»&©S»t-A 

•»lB»«>6©B«flH»*»0aA/TH«tUT«* 
*fiATjfcSiB*BS««Bfc*v» 

t, JiisgftiiffiieiKtUT, tt£aiEtt©sttftfi 

[0 00 1] 

m>x t>*ft©/B*«a»B3c» LTtt»aa©a* 

C©£tt8til9Rt8Brt©*ttftllBR£ LTflW 

ftffl (7*-) «©«H0MUM£lir«. 
[000 2] 

[£*©&«] Sifi©i@f »S*SBlc*^Tli, S52 

««*tT5&»c. iH©a««atotf5ai[c»tT 

«R*fil©S»lf-AftHRC**-r«J:5C&oT* 
fc. S£*©il©a©S*tUTtt. 0!X.t24$lflH59-497 

Cl©iBt»^»f*Blc*ltSS»SfiigttB, H7fc* 

•fist. ffl#»aa»*a©s»5Sft?-3iHF-ea«L 

tJHIMSi, Sa, -. Sn*a^*>iM'*fcAA 

ess 2 *» 6©ffl*fln»*^ i?^*«%iai-r* a 



(2) #03^5-3 17 3 10 

2 

ffl^*AALTtf*fca«HK»ii©a»«^Dai. D 
SS^a 4 ^&©1gftiB©ag«#D8: , Db. SM* K 

©«Sj@©DDj¥S5 a, 5bTJ0*LfclS*fcJ:O»» 
#[*]©£& bf-AB a, BbftH»K*jW6±5Cfto 
TUfc. ft*. ±Ex^v^;WlS#B!4tt, ->7M/ 

i>x^6t. st»cRtj&nfe*R«©v;^u^'* 

[0 0 0 3] Z<D*.5fl#mX'. aftfcf-ABa, Bb© 
g2A/DX^S3 tt^^HlOOMHi-pg&m^Si ~S n 

«*>^y>yu *©ifl*sr-f^;pssi¥a4rt 
a? fyfvum, ^©fta©a»is©v;v?^i/^u-7 

a, 7 blcAAU *R»fiI©a»*i;-Afc«jW« 

•enm^^n, 8&ii©iragiB5 a. sbKATjur-e 

*UPtt****£fctJ:D. &fSt#rS]©£fclf-AB 
a, Bb*^Snx^fc. 
[0004] 

*©§KSffi@i5 1 e*MTtt, 3>*/wHS*a4 

©SSS^ft¥tt (WAtflOns) fcA/DMWB3©* 
50 >^»J>^WS-aStt-5i»S««»4fc©, ±EA/ 

i©K*©t>©s*flUfcttn«ft&a*ofc. *.b 
t, ctu&toitT. »a©3<'7M/s'x^6Rr«a 

©v;^7*P7-y-7 a, 7 b£tflCffB©lllJUg5 a. 
Bbtf&B&ttS'b©'?*?*. ffioT. S&SffilelK 
1©£#£LT, SM^f :/©*>©*& D. a* h&U: 

[0 0 0 5] *B9!tt. Jl©J:5ttWHjSHC# 

»u B£©A/D£ft8*B»Tfe»ft©jB*ttStt 
fc#T**a»8«H»Ri»n*Bv^B»»B8 

[0006] 

[RH*jSHfc-r*fc»©*iH ±EB«*»«-4fc» 

t, *«9jic«ti.§»sffiiHiKtt, &*&£$*?&© 

AaU»«««ia6UT««*STO*<l#a£. il© 

*A/D£&88£. t©A/D*«B*»6©T«<^/l' 
50 ffl^*A»LTtt«fcaBWI»«©»36»^*lH*-r 
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3 

momms* ntux* LTflnB-r *«»«©» 

BSSKS^T. ±Ex^$'Jia&¥R<!:LT. ±EA 

BMTas**fc-©affi*Rfc. ;:©8§-©a&^R 
o fefiv>miHTaaiftftfl©xjEff<t*dM)-r 
[0007] sjt. ±.%i£mm&<DmmmtLT 

* Bk®£A? *?■ sen « siss^a 

»dW*S»B«HBt, £©Safc!l*ilI»a>&©3S 

r ©mmlsbb* & ©«ifi*t m o aA/i?iii« t u 
xmtmm^t zmiZT&smmmmiz 

[0 0 0 8] 

[ftffl] JtE©«fc5KB/££nfc3»BttllI!&tt, 

s^as^ RrtcRtt &tifc*-©a»*RK * o a 
/DmmzoTj i?*)vm*v>-7v >>fm<o 

>?MIJ:OfeflV»IIMttKUTa»m©aMflJ|S 
ttt* t a± SfcftflsTS. cntciD, ±EtV$>*;1' 
»«¥R©flia«fcRtf&nft1iWas*Rl:*Ht«a 

ft (w^tfions) ttn««tn©T, *<ommzmz 

»-©»«*RTriM-*Ul>'b*^*tt©ajS <«A« 
40ds) fcfrAtfiK SEoT. Jl©3£-©a&*R©a 
WttCftt>»T. *©M8©A/D*|»©-!J->^U 

Dmmum<D%-e>mzm\z£ o agsgftEK 

[0 0 0 9] ±BOJ:5fcll*Sft&llff*»ft 
SStt. ^©SSiSffiHBtLT, ft3£©A/DS!fti8 

[00 10] 

BIBtRWr*. Ritt*RVlCJ;&SttStiBttiO 
©JtRff**-r7D?9RTftS. d©5»8ffl[3?8l 



(3) #B8¥5-317310 

4 

on iisi©fis««sjR«§S[ic»LTas^iS]©a 
ae^si, St. -, sn©&rv>*»«icRtt*>n 

fcpK*«R2i:. A/D£ft383£. ?4?*JUSi 
¥R4' t. «Atf2«©iDgS5a, 5bt£*fLT 

[0 0 11] ±EpJ£«*l882tt. ■*ftOMkTfe£ 

4Si~Sn«l~n©&?Y>:M<4EICA:*)L. Jfl& 
ifl RRfcfcCTROTSTOWB^RtfcSfeOT. flA 
tf^-fAy-f >3>ha-;p. 7>7fr£j£<&. A/D 
£&S83tt. ±Bp«*«»2*&ffl*SnfcflH**A 
*LTr<fS>*AHWC«*TSfc©-e. eUtt&xt 
>*^©SS«^ St ~Sn ©fl*t##© 2 RfiUTtf 

»mm4' tt. ±EA/D«»»3*>6ffl**nfcr 

fi©®Sffi^Da t> DbtSHtfrfSfc©"?**. 
[0 0 12] fcfc, 2<l©il]gg5 a, 5 btt. ±Et 
a? <f?£*aX¥B4' *^a*Sn5 2<B©jlBfi#D 
at, Dbt&g'J^ICA^ratWC, 2~n©&Tf>* 
A'COlSWDk, Dth;-;Dan. Dbnfc-en^n 

©^iTA^uxingt *>b©"p, -en-?n©iiD^5 

a, 5b©jD»fe*tbTW^-tf2^|R]©§Ktf-AB 
a, Bb#H*fc»jfc3tt*J:5fc&oTV>*. ft*. Jt 
ETOJim2&. A/D3ERg|3£, rV^JHBI 
*R4' t*6**«»^Dv^tt. ±ES«fl» 

St~sn©6r*>*;n;:*f£LT. ^-n^nw^Y 

>*)Vmz*i, 8t, -, 8n©J:5fcRtf&nT«r» 

[0 0 13] C^-P, *«WC*«r»Ttt. 

tt, ±EA/D««S3*6©r^^ 

*m**>^u >^»i©ra(§-css-rsm-©iis 

SKI It. r©S-©SS[l8l lft>&©ffift@4»& 
A* LttttiaflM* SU->:/'J V^MRJ: 0 fefiUflMre 

as u«»ia©ags#Dai , Dbt *ai^ t*» raag 
bbi 2t*n»ftt>*T**. ±Em-©as®!&i 

ltt, «Atfy7M^yX^XttRAMat>S)*»3. 

^mmy^i >yH«T©*tsrr»K*ff 5T-ft 

40 tft^t>©T. A/D*m»3*>6A*r*S««^© 
S&*fcafflb©m©UIH2CJ:'3T±E«B**S1- 
*±5fcft-aTV»5. Sfc. ±EMflUa®Ii!Sl2tt. 
±ES-©a®@H 1 1 \Z «t 0^fiV>»(4©aM^M 

TSg-RP8©a®a<fTfcnfcaj#ft*f£A;fju ^©a 

&LT«»<B©gj£{I^Dat, Dbi ft#5¥Rkft*fc 
©T, S«fi<)K«Att2»|6]©§iSH-ABa > Bb©Jg 

50 [ 0 0 1 4] -t LT, iEliiaagliK 1 2 ©rt65©@ 
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5 

MT0J»tt-C«>7 ht5mg0-/7M/-/^i' 1 3a. 
13., 13mt. ±IB-«->^'J>^»|TWTro 
^S3*£fr5fcd©fli&Ao, Ai, •-, An; Bo. B 
i, •", K^W&LtcM&W) 1 At. ifamSOv 
7M/^A?1 3i~ 1 3m©a3*IC^L2*(S]©§fe 
tf-AIC#l£;bT±2E{&&**>J 14^f,^aiLfc« 
SA.-Am, Bo~Bra£#tt.SffiS(Dxf v*JWg?g 
1 5 ao, 15 bo, — , 15 am, 15bm£. Cft^© 
f^?MSSl5ai~15ai, 15bo~15bm 

omzt \z*<Dm%%£*nznm?i>m% 1 

6 a, 16bt. ^tDjnlfggl 6 bj&^Offl^S 

i5lC->7M/W? 1 7 
[0 0 l 5] ;r©<J:?lc«£Snfcg&gffi®& 

i ommz^-ztsims. sr. 0**©jg£ftg 

nB, &?t>*^«Cg^Sffi^n-yi'8i, 8j, 

*«3ttfcft. A/D3!SiB3^A^Sn-5.. £©A/ 
mo 2 f&S?TtfT0ilAtf25MHzT1*->7* , J >tfL1t 

ITU, ±ISA/D^§g3©D->y'J>^ 

sst (25mhi) ic^t>-a-T^ntini§©ag*&T*«> 

WAtf40nsTaSSff5. 

[0 0 16] fcK, ±l23S-©a®§l&l l^e>©ffl2j 
ft*m, H2K*l»T, SfSa®0ISl 2©mS©->7 
Hl/S^l 3.-1 3mlC)B^A*Sn. U">7*'J> 
^»!T*fir7?>'7hStlS. £©££, 6^7 hgl 
Si, 13,, •», 1 3 m©£B?m. 

<HAtf2>ffl&) ©gi£fc?-ABa, BblCft&Lfc2ffl 
To©#|fggl 5 ao~l 5 an, 1 5 bo~ 1 5 bralC^f- 

n-enA*^n. •9->^u>^si25MHz«to/h$^« 

A,~Ab. Bo-Bnttn^timntZ. -?-lt, * 

n 6 omm * 2 *^©g» t?- a ca* utwHs 
16 a, 1 6 bT-t-n-fmrtj-ractcto. &s& 

«i*Fft#tt (HAtflOns) t2ftfc*§|B]®Ex-* 

&»waai«ft t utb. *>?y >?£st&$o©s 

ai, Dkataiasns. ±sro©ajgm^D 
a., Dbi<Dmtm&m>7i)>>/mmmz.z® 

Sli. -*OJu«B16b©aftfcRW6nt«©->7 



(4) #BH¥5-3 1 7 3 1 0 

6 

hl^X* 1 7»C«J;oT, ?>7'y>?fljaT¥tt®S 
ai. DJhftHRC#6Ci««Tt*. 

[0017] totfc trntsnrz-oowiis^n 

ai , Db, fct, 0 1 te*UT--P©Jngg 5 a, 5 bfc* 
n^nA^fS. £U©IM|sfc±<|3|«l;:lxT. 2~n 
©§^-V>^»©aMm^Dai, Dbi ; ••• ; Dan, D 
botfmmZftT. ±iEro©mgg5a, 5bK* 
tlZft<D%W?A1ltZ. *LT, ^©DDStg§5a, 
10 5btt. ^*?i)©aM@^Dai, Dai, -, Dan ; D 

k, Dk, -, Dbns-E-n-enjimu znzomta 

££bT275|6j©£ftt'-ABa, Bb*Wt;^$n 

[o o 1 8] H3«, gteanssBtti 2wc«»ts 

n&->7M/-Wl 3i~l 3m©aSKJ;*g«W 
ftS&tf-ABa, Bb©^^->ICOV)T->5aP— > 
9>bfciB*©-^*^-r^7 7-e*5. 03©60l: 
*^T, iK«©73-7"li. ±E->7HVxA^l 3i~ 

3i ~ 1 3mlc<toTSifi5agbfc«^©k*-A/^- 
>fc*LTV>*. -f-l/T, 03 (a) ©SHMiS^hU 
5?A*#lft (m=l) ©$£©{re*i?. B2K45^ 
T->7hl/-7X^l 3i-?§8fi*|©2tJ->7\n^S© 
ffiMSMfc «koT#fctf-A/t^->P. fc^LTfc 
0. ifcST^tS&Wftfcf-A/^-^KJt^TS/ 
Nit<0«fl5*l**V»CtjO«t)*>*. S3 (b) © 
mmtv7YWs7,*bndL (m=3) ©«^©WTife 
0. 02Jr*ViT->7hW-7X^l 3i, 1 3i, 1 3a 
30 T?5«e^©4-tJ->7"M^©}iflflj!SElCJ;oT^fct 
-A/^-^fc^LTfcO, SSWfte-A/^- 
> P IC^ft 0 jfi^^TS/Nifc*^#$nT^2) d t* 1 
t>frt>. Sf.lC. 03 (c) ©H»li->7M/i?X^*i 
5 g (m=5) ©«-&©WTfeO, E2tC*V»T>'7h 
l/5?A^13i, 13.,-, 1 36T§Sl<I^©6-9-> 
7^S©ffiPfla&fc<fcoT8£H-AA*->P s £ 

slt^o. aswftt•-A/^->ptrai^t*-s 

t fcttffi t ft 0 S /N tfc^|6)± L TV» •& r t7)5t»*> 
ftoT, vl©->5aV—>3>©»em*^. 0 2 IC^T 
40 HrflS@Ie]?5l 2rt©->7M^vX^l 3 3 ~1 3m© 

aim, 3HK±tt*S"T?*»). @Ka«©*i»±*6 

[0 0 19] 04li*56MIC«kS§SEfifflE»©te©^ 

s 1 ~sn©^¥>^ai:s?^enfce^ajg7'n 

y^8i, 8nHi3^T. Sg-©Sjg@K 1 1 ©« 
aiCB?^^-!-^:^©^^^^^*? a, 7b5M 
mzm-ti>t&\Z, -ISWVI-lWVl b<DkJ}® 
lCB02t^-rt^«©->7hP-7A^l 7*Rttfcfc 
50 ©T&3. ±gS§[t^aM7"D->i'8.~8n© 
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7 

m\Z\i. 2£|S)©afct:-ABa, Bb©*nc*t£l/ 
Tm-CDUD»|§1 8ai~l 8aiRtfl 8bi~l 8bi 

wmzmtmz, rn^&aic&ase-AB 

a, BblCftf&tSffiMSgBf&l 2a«~l 2aifttfl 

2b»~i 2bi^tte,nri5t), ;me>©2£?)i©« 

MSHBl 2a»~12aiRtfl2bj~l 2bi^e> 

[0 0 2 0] fcfc. JtEMrJJSSlHlK 1 2 a* ~ 1 2ai 
fttf 1 2 bj~ 1 2 b i©rtS8«*tt. {SJAtfB 5 lC*t 
«fc5l:, $-©JDg881 8a,fr6tii;tjSnTArtb;fc 

tSmg:©^^ hUS^X* 1 3i~l 3mt, ±E"tf-> 

C U •-, CmSIBftU^S^^'J 1 4' «h. ±!Bm 
ao->7h^l 3i~ 1 3m©ffl^l*?tL.^gES 
?]©§£ t - A I'jttJt; LT±gBf&»* * 'J 14' »6K 

*atfc«ftCo~cms»w5«a©rf ?*mn 

881 5o~ 1 omt, -tO*»IS**A*l/T*lJlt* 

[0021] co±5fc««sn&aiaHiiaBi o' 

fcfcUTtt. g-OSHl l©Ul*Sv asm*!© 

»>^y>y»»Tj:»)Hv>iMiiraHit*©c»it?i/ 

THJ^SIR-rs&J&fc, W^W7a, 7blCA 

a, 7 b©W*tt, -E-tt**X|g-©J|]g§81 8 
ai-18aiRtfl8bi~18b!lCX*U iUxSt 

tm#$n*. WAtf. JSfBJSSiaBl 2a»~l 2 a 
i. 1 2 b»~l 2bi»x*W5SSSiF : ft;*fi*10nsi: 
U g-©flDS88 1 8 a i. 1 8bi#4fi-ro»SiT 
St. 1#B©JHJHS1 8ai, 1 8bitt®M*iOns-C 
J"***, 2#i©iD3gl 8 at, 18 
bitt»«!)ttfoiiT**afi9 : *>*-n'*. ■-. 4Si 
©UDSffi 1 8 a i, 18b itt2B#30DS-?ftSaft?* 

>****n*njww*. cot*, wbt^^u 

f*7a, 7bTtt, «-©gg@Bl lfr&AAtft 
fl»*4flfc»irr ftoT. ±IB^-© 

SS081 l*&A*rr«ft4tt. 10dsx4=40ds©S 
S¥tt©fl»TJ:v>cfcJ:fc«. zoztfrt,, *©S(( 
§*©A/D£&S§ 3 ©-U->y'J >^MRBMAIfi5M]b 
tSV>t>©T«kV». 

[0 0 2 2] ±ffi®-©iD£8S 1 8 ai~l 8 ai&tfl 

8 b.~i 8 bi-vMntiMtmij^m, mmm 

SSH181 2at~l 2ai, 1 2 bi~ 1 2 bilCAAL 

TSSfiTft«io:oiODs-rss«(ffhn«. *©&. - 

0©lDjfS5 a. 5 b£**V?n©SHz:£i:AftlT 

fiffiinssn, cn^©inffiis*itT2*[B)©sst 

-ABa, Bb«<PWCMdtl6. £©*£». HR 
fc. a»ffl^Si-Sn©?lr>*;i«nfc«LT. # 



(5) #B8¥5-3 173 10 

>y«MTeiT©aai«^fl:©» i #/hsnn£ 
*>s. H4c*-r«t5K, mmassfti 2 at, 12 

bi©flft«M^S««^^«<T««. B5)fc 

~ 1 5 m©S£0 2 ©«Sfc:ifc^T«'>£ Z. t tfi? 

[0 0 2 3] fcfc. Bl&0H4©ftKflC&»m 
Sfik , -AS2^[6j (Ba, Bb) fc©tU 

i0 8©aftt;-A£^J«tS^ICfcE8ICjIfflT£S. 
[0024] H 6 BH 1 l^-f gftS1§@¥8 1 0 ©MS 

T«*#©BMattCOV>TKH««**H»t*iB 

mmzmi'tiitmamttTWE.mzmm 
*aft*r*jwn^ft£©a**aa**R2 0fc. n 

©tt*tt&att¥g:2 OOftSft^JlH 1 ©^*-*©* 

©*s«s*aw ut« o a*, nmmvsz 

t, C©£ftft««2 3*&©ffi*ft*«A2)U£&ft 

^©iBfflR^tiffi em i,Ta»cWd©a* e- a 

^-r^SiffeSlSlHlK2 4i:, £©afcSffi@»2 4j&>$ 

©a*e-A«x*tTHfwi^«»«t*HewB«B 

»2 5i:. £©iS««8l§»2 5#S©®«fc^£flStD 
5. &fcv B6fcfcV>T. W^2 7tt±aB©&»*SSt 

50 ©ii^eMait-scpu (4>*«aa^g) &£©mipb 

[0 0 2 5] CdT, *»9JC*V>TI4. ±IBS£Sffl 

0^2 4 ti/T. Biiz^-rga&sffi®?&i oxttB4 
TW^^n/taftSffiieitei oxtti o' eafflrs^ 

e^St*^t)5JTfr«.. ft*, B6»ig«ffl©i@«ift 
[0026] 

[12^©^*] *8HCJ:«jHftS«[a» (01 #86) 

tt«±©*5i:i(i*snfc©T. r^^^aa^aw 
icsft &n«:Sg-©as^atci o a/d»m» &© 
y^;m<»«*>^'j >yH«©wiHTa«r*i 
mz, mmm?±.&%-<r>mmmmoiii*fs 

V»W«T«l/T«ft§i©a«tt^SfflA , J-* C fctf«T 
50 **. ctilc«k>). ifflx^v^^gg^awffl^fflll: 



-61- 



(6) 



#H¥5-3 173 10 



10 



*nCfl*tte-A0*ft£6Ktt& (WAtflOns) t 
*n«tOtfiV^roSS (M*.tf40ns) £fr;ttf<fc 
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